return to England he rescinded this opinion in favour of sprue being a symptom complex common to many intestinal disorders (Manson 1899) .
The anaemia of sprue closely resembled pernicious anaemia (Thin 1897 , Basset-Smith 1903 , Low 1912 and Fairley et al. (1928-29) demonstrated its progressive and megaloblastic nature. The anaemia responded to liver though not as well as pernicious anaemia, and parenteral liver extracts were ineffective in ordinary doses. Sprue was also prevalent in Puerto Rico (Ashford 1913) where Rhoads & Miller (1934) , using massive doses of parenteral liver extract, obtained not only a complete haematological remission in 4 apparently moribund patients, but also a remission of the gastrointestinal symptoms. The diarrhoea, however, was liable to relapse even though the blood remained normal unless maintenance doses of liver were continued (Miller & Rhoads 1936) . Spies et al. (1946) reported that patients with sprue were profoundly benefited by the administration of synthetic folic acid. The acute manifestations of the disease subsided rapidly as the blood began its regeneration and the alimentary tract tended to regain normal function.
Meanwhile large outbreaks of sprue affected British and Indian troops in India and Burma during the 1939-45 war (Keele & Bound 1946) . The majority of these men acquired sprue under the rigorous conditions of jungle warfare, but there was also an outbreak in an Italian prisoner-of-war camp, situated in the foothills of the Himalayas, during which Stefanini (1948) was able to follow the course of the disease in over 1000 men. There were 3 stages: a first stage characterized by morning diarrhoea, flatulent dyspepsia, rapid loss of weight, extreme asthenia, steatorrhoea and a flat glucose tolerance curve; a second stage in which glossitis, cheilosis and angular stomatitis were added; and finally a third stage with irritability, restlessness inability to concentrate, loss of memory and megaloblastic anaemia. Patients responded well to rest, liver soup, crude liver extract, whole yeast extract and sulphaguanidine.
The rations of these paws were unsatisfactory, and camp cooks and volunteer workers who received British Army rations did not develop sprue. Walters (1947) and Ayrer (1948) described large outbreaks of sprue among British and Indian soldiers which they ascribed to deficiencies in the diet. In particular, units living on pack rations which were canned, monotonous and contained no fresh food were subject to a very high incidence of sprue. French et al. (1956) considered that although it was unlikely that sprue was due to a specific bacterial infection, nevertheless there was evidence of an abnormally luxuriant bacterial growth in the-small intestine which, though a secondary phenomenon, might prolong the disorder. Accordingly they introduced courses of oral broad-spectrum antibacterial drugs for the treatment of sprue. The success of this form of treatment has been amply confirmed. Tropical sprue was still rife in Puerto Rico when in 1953 the United States Army sprue team was established in San Juan. Puerto Rican sprue was characterized by intestinal malabsorption of fat, xylose and vitamin B12 (Sheehy et al. 1962 ) and jejunal biopsy revealed abnormally broad villi, dense infiltration with inflammatory cells, and flattening and vacuolation of columnar cells, the nuclei of which were larger than normal, especially in the crypt region (Butterworth & Perez Santiago 1958) . There was folate deficiency (Sheehy et al. 1961 ) and serum vitamin Bl2 concentrations were nearly always below 100 pg/ml. Treatment with folic acid often produced a satisfactory clinical and haemotological response, as well as a prompt reduction of the nuclear abnormalities in the intestinal mucosal cells, a surge of mitotic activity and an increase in the villous cell population (Swanson et al. 1966) . Nevertheless, intestinal malabsorption often persisted and the jejunal mucosa did not return to normal. On the other hand, treatment with tetracycline for 6 months was effective in correcting both the malabsorption and the intestinal mucosal lesion (Guerra et al. 1965) .
Tropical sprue in Puerto Rico occurred mainly in a population subject to tropical enteropathy, and malabsorption of vitamin Bl2 has been demonstrated in over half of a sample of the asymptomatic rural population (Klipstein et al. 1972) . A collaborative study provided an opportunity to compare the development of sprue in previously fit, young Europeans acquiring the disorder in South-East Asia with patients with chronic tropical sprue in London and also with Indians with sprue in Southern India (Baker & Mathan 1971 , Mollin & Booth 1971 , O'Brien & England 1971 . In many patients the onset appeared to be related to an acute intestinal infection, whilst in others it seemed to be precipitated by a change from pack rations to a full, rather fatty diet. In female patients the onset was more often insidious and tended to follow a period of unsatisfactory eating. However early patients were seen, there was always malabsorption of fat, xylose and vitamin B12. During the first 2 months, the jejunal mucosa was either normal or showed increased cellular infiltration with only minor villous architectural deformity. After 3 months there were either thickened leaves or more commonly convolutions and the histological abnormality of partial villous atrophy (Shiner & Doniach 1960) . Ileal changes lagged behind, but eventually the ileum was as severely affected as the jejunum. The serum folate was low however early the patients were seen; formiminoglutamic acid and red cell folate became abnormal after 3 months, by which time mild megaloblastic change was evident in the bone marrow. After 4 months, frank megaloblastic anaemia due to folate deficiency supervened. Soon after this the serum B12level fell into the range 80-200 pg/ml, but megaloblastic anaemia due to vitamin B12 deficiency did not occur until-after 3 years. Vitamin BI2 deficiency contributed to the anaemia when the disease had been established for 3 years, and was the major cause in patients in whom the disease had been present for 5 years or more. In early sprue clinical remission followed treatment with folic acid, but though there was usually improvement in absorption and in the appearance of the jejunal mucosa, these did not return to normal and relapse was likely to occur unless a maintenance dose of folic acid was taken. On the other hand, oral broadspectrum antibacterial drugs usually induced a reversion to normal both of absorption and of the mucosal abnormality. Vitamin B12 absorption often reverted to normal within a few days. In chronic sprue the response to antibacterial drugs was slower and vitamin B12 absorption might remain abnormal for months or even years. An exception to this regular development of the syndrome was seen in women who developed sprue in late pregnancy or during the puerperium. These patients presented with severe megaloblastic anaemia and a severe jejunal mucosal lesion within 2-4 weeks of the onset of gastrointestinal symptoms.
The features of sprue amongst Indian patients were in many aspects similar to those seen in Europeans. Thus in over half the onset was acute with watery diarrhoea followed by chronic diarrhoea with glossitis, and in 65%there was megaloblastic anaemia. The appearance of the jejunal mucosa was also very similar but there were significant differences. Thus the serum folate was unequivocally low in only 37% of the Indians as opposed to 80% of the Europeans, and only 50% of the Indian patients had intestinal malabsorption of vitamin Bl2 and in many of these there was spontaneous reversion to normal. No fewer than 78% of Indians either failed to respond to antibacterial drugs or relapsed soon after these drugs were stopped.
The myth that tropical sprue does not occur in Africa has finally been exploded (Moshal 1970 , Thomas & Clain 1976 . The syndrome amongst Africans appears to be identical to that seen in Europeans. Thus, except amongst Indians, there is a very characteristic syndrome though the cause has remained elusive.
Many of the features of tropical sprue are consistent with an infective aetiology but, in spite of many attempts, no specific pathogen has ever been isolated from the stools, and for a long time bacterial examination of jejunal aspirates gave inconclusive results. It is now realized that the normal small intestine has a resident bacterial flora, and in the jejunum this mainly consists of gram-positive streptococci and lactobacilli in concentrations of up to 103-104/mi.
Coliforms are not normally present in the jejunum, though transient infection with E.coliis a common cause of acute, short-lived diarrhoea amongst adults in the tropics (Rowe et al. 1970) .
Intestinal pathogenicity of coliforms is not peculiar to specific strains but depends on plasmidinduced transmissible ability to manufacture enterotoxins and to adhere to the intestinal mucosa. These toxins are either heat labile (LT) proteins which are antigenic and have a delayed action, or heat stable (ST), low molecular weight, nonimmunogenic substances with a more rapid action.
Using more sensitive anaerobic techniques for the isolation and identification of facultative organisms, Gorbach et al. (1969) found coliforms in the upper small intestine in 5 out of 6 patients with sprue in Calcutta and there was correlation between the degree of bacteriological abnormality and vitamin Bl2 malabsorption and also with the effect of antibiotics. Klipstein and his colleagues (Klipstein et al. 1973 (Klipstein et al. , 1975 (Klipstein et al. , 1976 (Klipstein et al. , 1978 demonstrated chronic colonization of the jejunum with enterotoxigenic coliforms in most of their patients with tropical sprue in Puerto Rico and Haiti. Infection might be with Klebsiella pneumoniae, Enterobacter cloacae or with E.coli, but in individual patients infection was with a single specific strain. These organisms proliferated within the lumen of the intestine but did not penetrate into the mucosal cells. When introduced into the ileal-loop model of experimental animals they evoked a luminal exudate of mucus but little other change. However, when cell-free broth filtrates in which the coliforms had been grown were introduced, functional and structural abnormalities identical to those previously demonstrated in patients with sprue resulted. Further studies demonstrated that these bacteria produced LT and/or ST enterotoxins of the same potency as those obtained from known pathogenic coliforms.
In London, Tomkins et al. (1974, 1975) described early sprue in young Europeans who had journeyed overland to India on a limited budget, eating the same food and drinking the same water as the indigenous population. In 15 out of 16 patients they found coliforms in close association with the jejunal mucosa and these organisms were further identified as Alcaligenes faecalis, Enterobacter aerogenes and Hafnia species. In 4 patients who responded to treatment with tetracycline and in whom vitamin B12 absorption had returned to normal, the coliforrns were eliminated in 3 and reduced in one, whilst they remained unchanged in a patient who failed to improve. Enterotoxin production was not studied. On the other hand, although Bhat et al. (1972) found coliforms in the upper small intestine in 29 out of 33 patients with sprue in Southern India, they also found these organisms in asymptomatic controls. There was no relation between the presence of these coliforms to the absorption of xylose, the histological appearance of the mucosa or the results of treatment. They concluded that coliforrn colonization of the upper small intestine in their Indian patients was irrelevant to the aetiology of the malabsorption. It was still not clear why chronic colonization should occur in tropical sprue when in other known coliform infections the organisms were rapidly eliminated. Frazer (1960) considered that oxidative rancidity of certain unsaturated vegetable fats used in deep frying might be of importance in the aetiology of sprue, and Klipstein & Corcino (1974) noticed that the peak incidence of tropical sprue in Puerto Rico occurred at the time of the year during which the dietary intake of pork was markedly increased. Pork fat contains a high proportion of longchain unsaturated fatty acids and is also unique among animal and vegetable fats in that these are located at the alpha position of the dietary triglyceride and so are liberated in unusually large quantities by pancreatic hydrolysis. In a continuous-flow culture system, growth of Klebsiella pneumoniae was inhibited by lactobacilli of the type normally found in the jejunum. Linoleic acid depressed the growth of these lactobacilli and allowed colonization by K. pneumoniae (Mickelson & Klipstein 1975 ).
Folate and/or vitamin B12 deficiency is a consistent feature of tropical sprue and there is indirect evidence to suggest that these deficiencies may play an aetiological role in the development of the intestinal lesion. The turnover rates of intestinal mucosal and bone marrow cells are comparable and it may not be fortuitous that the full development of the mucosal lesion coincides with the onset of tissue folate deficiency. Villous shortening, increased crypt length and enlargement of crypt cell nuclei have been demonstrated in the duodenal mucosa of children with chronic dietary folate deficiency and these abnormalities were reversed after treatment with oral folic acid (Davidson & Townley 1977) . There have been many reports connecting the incidence of sprue with dietary deficiency, and following treatment with folic acid there is, especially in early sprue, improvement in absorption and in the mucosal abnormality. There is also no doubt of the greater severity of the gastrointestinal abnormality in patients who have previously been folate deficient.
It is often difficult to assess the value of contemporary work, but with hindsight it is difficult not to be impressed by two early contributions. Cantlie (1899) suggested that the use of acid vegetable cooking oils might be of importance in the aetiology of sprue, allowing the development of an intestinal bacterium which generated the disease. Begg (1912) considered that the defect was in absorption and not in digestion. He measured the steatorrhoea and indicanuria, as well as demonstrating clearly the morphological lesion in the small intestinal mucosa. He also described how, in patients coming to autopsy, the small intestine was lined by a thick layer of mucus which contained enormous numbers of rod-shaped bacteria which he considered might be responsible for the low-grade inflammation. He treated his patients with old yellow santonin, not as an anthelmintic but as a nonabsorbable germicide, and in addition prescribed a diet made up of items of such high folate content as beer, yeast, liver soup and spinach. It is perhaps hardly surprising that during a period of 13 years in the East he did not have to invalid a single patient with sprue back to Britain.
